INTRODUCTION
The duration of the holding time (dwell-time) in cellular telephony systems is a fraction of the total call duration due to the handoff mechanism. Some elements such as the mobility and cell shape and size will cause the dwell-time to have a probability distribution function different to that of the call duration, being the difference greater for higher mobility and smaller cell sizes (the limit is for stopped mobile units and/or very large cell size, then the dwell-time is equal to the call duration). Several authors have tried to model the channel holding time making use of analytical tools and/or simulations [ZON, RAP, STE, GUE, HON] . All these studies assume the negative exponential distribution for the uncumbered call duration because analytical results for other distributions become highly complex or impossible to attain and the use of the exponential distribution for the call holding time is widely spread in the teletraffic field. From this starting point all the above mentioned studies get to the conclusion that the channel holding time is also distributed according to a negative exponential (obviously with smaller average). Surprisingly this conclusion is reached by assuming different assumptions for mobility, cell size and shape, speed, etc.
In this paper a field study of the channel occupancy of a cellular telephone system in Barcelona is presented. This study has been performed by registering the duration of channel occupancies through a scanner receiver. The difference with respect to other field studies is that here a mixture of lognormals) is the best fit while in [JED] the best fit is a single lognormal and the lognormal mixture is not tested. This conclusion is specially relevant because the call duration in fix telephony has been proved to fit much better a mixture of lognormal distributions than the widely spread negative exponential [BOL] . It can be easily conjectured that the call duration in mobile telephony also follows a mixture of lognormals (the authors don't know any study similar to [BOL] which fits the p.d.f. of the call duration in public mobile telephony). Then our study proves that the dwell-time follows the same distribution that the uncumbered call duration. The average channel holding time is lower in our study than in [JED] leading to the conclusion that we presumably work with smaller cells or higher mobilestation speed or both. This difference can be easily explained as caused by the difference in the life-style between Canada [JED] and Europe (ours). For the same reason our study reflects a higher handoff rate (in our study almost 90% of the calls suffer at least one handoff) so the agreement between the dwell-time and uncumebered call duration distributions does not rely on a low handoff rate.
EQUIPMENT TO DETECT THE CHANNEL ACTIVITY
The hardware used to register the necessary data, channel holding time in this case, is extremely simple as shown in Figure 1 . The equipment is based on a scanner receiver connected to a personal computer (PC) which registers all the activities of a single channel in a file. As the monitored system uses the TACS standard (very similar to AMPS except for some minor details), the FM detection of the down-link carrier frequency is sufficient for the knowledge of the channel occupancies. Each record includes fields such as the starting and ending time of every channel occupancy and the carrier strength at the monitored frequency. A very simple process gives a new file containing only the lengths of the channel occupancies. The tuned frequency must be the down-link because the power in this direction (from the base to the mobile-station) is higher and more uniform than in the up-link. We take advantage of this fact to reduce the annoying effect of noise and interference. Before performing the statistical analysis we must obtain a 'cleaner' file in which some values of the original sample are eliminated. This includes the suppression of very small values (smaller than 2 seconds) which we consider as caused by noise or interference. We also join activities separated by a silence smaller than 1 second: this silence is interpreted as a short cut also due to noise or interference. Both bounds have been established by aural monitoring trying to minimise the number of false data: suppression of actual activities or silences smaller than the bounds (2 and 1 seconds respectively).
STATISTICAL TOOLS
First of all it must be decided which candidate (theoretical) probability distributions are going to be statistically tested against the obtained empirical data. In all cases the coefficient of variation of the empirical holding time is larger than one, so only distributions which can achieve such coefficients will be tested: it makes no sense to test the deterministic or Erlang-k distributions. The probability density functions (p.d.f.) of the proposed statistical distributions are listed in Appendix A. Observe that all the proposed distributions except the shifted exponential belong to one of the following two categories or families:
• Combination of memory-less stages: The use of this distributions to characterise the holding time in queueing systems is widely spread in the teletraffic field due to its easy inclusion in the achievement of analytical results. The hyperexponetial distribution is not included in Appendix A because the goodness-of-fit is extremely poor.
• Lognormal-type: The generalisation (not yet proved) of the logarithmic perception of the times in the range of the telephone call duration seem strong and sustained by good significance levels in the field studies [BOL] .
Once a candidate distribution has been proposed, its parameters must be estimated according to the empirical data. A simple way to estimate them is by forcing the first moments of both, empirical and theoretical distributions, to agree (we can force as many moments as parameters are included in the theoretical distribution). In this paper the Maximum Likelihood Estimation (M.L.E.) is used instead. The M.L.E. consists in obtaining the parameters that maximise the probability of obtaining the empirical data that we have in our sample and in some cases the parameters agree with that obtained by moment estimation. The only reason to use M.L.E. in this work in front of other methods is that M.L.E. gives the best fit results when the goodness-of-fit test is applied.
In this paper the Kolmogorov-Smirnov (K-S) goodness-of-fit test is used in its 'all parameters known' version. This test is simpler to apply than the chi-squared used in [JED] and, as it works on the c.d.f. instead of the p.d.f., avoids the dependence on the time step needed in the latter. The K-S test is widely applied to model the holding time of telecommunication systems [GUE, BOL, ZON] because its power and simplicity.
The statistic used by the K-S test is the modified K-S distance D. The significance level α of the K-S test can be computed as:
where ε represents the maximum difference between the theoretical and empirical c.d. functions and n is the number of data. While ε has a geometrical meaning, D and α have a statistical sense and depend on the sample size n. There is a unique relationship between every D and α so both are adequate to evaluate the goodness-of-fit.
It is a common use to establish the allowable level of significance before executing the statistical analysis. The proposed theoretical distribution is not rejected if and only if the significance α is higher than the desired level (α=5% in [BOL, ZON] or α=15% in [JED] ). In this paper we are not only looking for an accepted (not rejected) theoretical distribution, but also establishing the order in which the candidate distributions fit the empirical data: maybe a simpler distribution fits good enough for a particular purpose (and much better than the negative exponential). To achieve this goal we do not fix a significance level but compare all the candidate p.d. functions according to their significance α or modified K-S distance D of Equation (1), using this latter only when the significance is very low.
THE DATA SET AND THE EXPONENTIAL DISTRIBUTION
The sample used to illustrate this paper was obtained at the frequency of 941.7125 MHz during busy hours (defined by the ITU-T as the 60 consecutive minutes with heavier load in a day). The sample size is n=2,445 and the average holding time is m 1 =40.6 seconds. The squared coefficient of variation of the sample is cv 2 =1.7. As explained at the end of Section 5 many other samples at different frequencies and cells have been obtained and analysed with similar conclusions.
When the negative exponential distribution is fitted to the empirical data it can be observed that the probability of very short occupancies is overestimated while the area with the highest probability in the empirical histogram is underestimated (Figure 2 ). This same conclusion can be observed in Table 1 where values of the c.d. function are shown for both the empirical and exponential distribution. In this Table 1 the longer tail of the empirical distribution is also noted. The spikes observed in Figure 2 contribute to make more difficult the parameter estimation and the fit. These spikes are due to the time that the system requires to the mobile-stations before retrying the handoff (immediate handoff) as observed in [JED] .
When the occupancy remaining time is investigated as a function of the occupancy elapsed time, the average remaining time is far from being independent of the elapsed, as it should happen if the empirical data followed an exponential distribution because of the memory-less property of this latter. In front of this situation Figure 3 shows that the average remaining time is longer the longer is the elapsed time. This behaviour is similar to that observed in [BOL] for the call duration in conventional telephony and in [JOR] for the 
NUMERICAL RESULTS
In Table 2 the K-S distance D and the significance α are tabulated for the candidate probability distributions of Appendix A and the empirical data sample of Section 4. The best fit is attained by the lognormal-3 distribution with a significance near 10%. It must be considered that the K-S test is targeted on continuous functions while in this case we deal with big spikes in the empirical p.d.f. that can be observed in Figure 2 . This fact contributes to a more difficult parameter adjustment and to a lower significance. It is possible to remove the spikes by estimating the percentage of channel holding times due to immediate handoff [JED] ; in this work we preferred to keep them because candidate distributions could be fitted without altering the sample.
It must be noticed that all distributions that are combination of memory-less stages fit with negligible levels of significance. However, this family of distributions is highly appreciated by researchers to achieve analytical results, and according to Table 2 the Erlang-j,k distribution is recommended in front of the widely used negative exponential. When the researcher is going to simulate the cellular system the single lognormal distribution represents a good trade-off between simplicity and accuracy. The results nearer to the true world will be achieved by using the lognormal-3 distribution. The lognormal-2 distribution not included in Table 2 gives a significance between that of the lognormal and lognormal-3.
In Figure 4a the empirical histogram is plotted against the best fit. The lognormal-3 distribution follows the spikes and the whole shape of the empirical data much better than the exponential. In Figure 4b the empirical c.d.f. is plotted along with the contours of 5% significance (increased and decreased by the ε corresponding to 5% in Equation (1)). The proposed best fit c.d.f. keeps always within these bounds.
As stated in Section 4, all the data analysed were obtained during busy hours. The same investigation has been carried out for different times of the day and the order of Table 2 is kept independently of the time of the day and channel load: the lognormal-3 is always the best fit. Even at night the order in which the proposed distributions fit the empirical data is kept, although the average channel holding time and squared coefficient of variation grow (as explained in Section 6). The same occurs when data belonging to different cells and/or frequencies are taken: the average and coefficient of variation may change according to the size and mobility in the new cell, but the order in which the distributions fit the empirical data is kept. This gives to our work a more general scope as the conclusion that lognormal distributions fit better than memory-less type is sustained on statistical analysis for samples belonging to different situations. 
OTHER STATISTICAL RESULTS
Although the main goal of this paper is the investigation of the probability distribution behind the actual dwell-time in cellular systems, other statistical results have been obtained which can be interesting when applying the results of previous sections to the design of cellular systems.
In Table 3 the first two moments of the dwell-time (mean and squared coefficient of variation) are showed for two different charging periods: daytime (high charging period) and nigh (low charging period). As the measures are taken in the same cell (the cell size is the same) the larger average corresponds to a lower mobility and/or to a larger uncumbered call duration. It is enough to look at the street to conclude that the mobility is actually lower during the night. The average uncumbered call duration is also higher at night due the higher proportion of non-professional or private calls. The higher squared coefficient of variation can also be related to this more private character of the call at night which makes the data set more dispersed. In Table 4 the channel holding time of the data sample investigated in Sections 4 and 5 are classified according to the occupancy type; the average and squared coefficient of variation of the channel holding time are tabulated for each type. 'Start-handoff' indicates that the call is initiated in the cell observed and it doesn't finish but continues in another cell. The type 'with handoff' includes the first three, while 'whole call' means that the call begins and finishes within the considered cell. 'Not available' indicates that the called party is not connected (not in the network) and 'others' includes calls which can not be assigned such as unknown calls, calls blocked by overload, etc.
From Table 4 it can be concluded that 89% = 76/(76+9.6) of the answered calls have at least one handoff; this can be considered as a high mobility value. Only 11% of the occupancies belong to a whole call (9.6% if a take into account calls with no answer). The analysed measures correspond to the busy hour and it can be predicted that during the night the mobility is lower, this is one of the reasons (not the only one) for the higher average reflected in Table 3 . If we accept the same average call duration in mobile and fix telephony, we can take 113 seconds as the mean call duration [BOL] ; then each mobile visits in average 113/40.6 = 2.78 cells. Most of the terminals that generate an occupancy classified as a 'whole call' are probably stopped, that is the reason for the higher average holding time. This average is shorter than 113 seconds because it is easier that a long call suffers a handoff (and then is included under another category) than the same handoff is suffered by a short call. 
SUMMARY
Although by using analytical tools it can be concluded that the channel occupancy in cellular telephony follows a negative exponential distribution, field studies show that the exponential distribution is far from fitting the empirical data. A mixture of lognormal 
